Stage-specific role for shh in dopaminergic differentiation of human embryonic stem cells induced by stromal cells.
Stromal cells have been used to induce dopaminergic differentiation of mouse, primate, and human embryonic stem cells (hESCs), but the mechanism that governs this induction is unknown. In this manuscript, we show that medium conditioned by the stromal cell line PA6 (PA6-CM) can induce dopaminergic differentiation in neural stem cells (NSCs) derived from hESCs but not directly from hESCs, indicating that soluble factors produced by PA6 cells act at the NSC stage to specify a dopaminergic fate. To identify such soluble factors, we analyzed the transcriptomes of PA6 cells, NSCs, and dopaminergic populations induced by PA6-CM from hESC-derived NSCs. We focused our analysis on growth factors expressed by PA6 and receptors expressed by NSCs, and generated a list of growth factors and receptors that are differentially expressed. Some of the growth factor/receptor pairs are categorized into the Shh, Wnt5A, TGFbeta, and IGF pathways. The expression of genes activated by these pathways in dopaminergic populations was analyzed to confirm that these signals were likely candidates for specifying dopaminergic fate. Results were verified for Shh by using perturbation agents such as cyclopamine to show that Shh is indeed one of the active agents in PA6-CM, and by showing that Shh and FGF8 can substitute for PA6-CM at the NSC induction stage. We conclude that PA6-CM can induce dopaminergic differentiation in hESCs in a stage-specific manner. Shh is likely an important soluble dopaminergic inducing factor secreted by stromal cells and acts after the neural fate determination.